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Abstract of JP2003307758 

PROBLEM TO BE SOLVED: To provide a 
method of patterning and fabricating poled 
dielectric microstructures in dielectric materials. 
SOLUTION: The poled dielectric microstructure is 
formed within the dielectric material. The poled 
dielectric microstructure is then segmented Into a 
plurality of independent sub-structures. The poled 
dielectric microstructures are then fabricated 
within each of the plurality of the independent 
sub-structures. Further, additional processes and 
a novel poling setup for improving and 
implementing the patterning and fabrication 
method are also disclosed. 
COPYRIGHT: (C)2004,JPO 
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1 

m(*W*4«. LiNb03. LiTaOa. KTiOPO 
4. KNb03. BaB.O,. igtCXMsrO : L i NbO^ 
ISiUZnO : L i N h 0,^(0^ti^CD^1^ : S i O, . 
G e O, S i C :EM:^'^ ::^X^tmmi^y t -( ^^m<OiS 

L i N b Os^o'L i T a oMommm^w 
:s:o'-gc?§^(DL i NbOa (CLN) :sto^fb^ 

ffi^e^jL i N b O3 ( S L N ) m<0^ti^<0^m : RO' 
MgOrCLN. ZnOiCLN. MgO:SLN. Z 

[if^:^9] ff3}<3® ucfBtgcD:fi-ffi«:fcc^r. BulBlt 

im^m 1 0 ] it^s^ 1 ic%zm<o'jjm^ci6\.^x . tuiB 
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im^m 1 1 } iS*^i ^iB®(D:^ffi^:fec^r. tufB 

in^m 1 2 ] gf*:ii 1 iciBiScD:&atc*jiir . luia 
im^m 1 3 ] m^m i «:iets®:^scc*5c^r . sfria 

X~iJyh. Y~tjyh. l^Z^Z-tJv 

1 4 ] i tcf3i8<D:6-S«:*5i^r . Suia 

[fi^^l 1 5 ] m^m 1 «:fBt8(D:^rffi«:*$i^r . tuis 
im^. 1 6 ] iS*:^ 1 tciBt£<D:)^Stc*5Cir . SulB 

[ff*:^ 1 7 ] if55<:^ 1 ^fBiS<D*;S^cfcc^T. Srria 

im^m 1 8 ] i ^iBtgcDz^ffitcisc^r . suib 

1 ) #^ff^il-Si^^^«:oc^r(D^iK(itB^^ (QP 

M) . j^z^mn-m. pjts*. m^i^m. Q-x>f 

2) l^2i^lli'^^^ (SHG) . mmm^^ (SF 
G) . mmm^^ (DFG) . h 

(opo) . *>'^'^^ h y ->^^iiei (OPA) . 

^ h y (OPG) . *5<i;t>':^7X^- KM^ffilS 

5) e-AX+i^T^fflmm^t^ (EO) ^>^^U>-5?. 
6 ) ^7^^^^ (AO) -tt^^U-^^:^0'^U-7"^ >^?^ 
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2 0 ] m^m i 9 ^iEig<D:^^oc*5C^T. fr 

ia^m»1vf*4«S«. LiNbO,. LiTaOa. KT 
iOPO,. KNbOj. BaB.O.. :S^e/MgO:Li 
NbO. ^O'ZnO : L i Nh 0,m(D^tl^(Dmm: 
S iO^. GeO.S i O,. :E^;^'^XRcm^^:7 r 10 

iB^m{*i^m. L i N b 03;slo'l i T a o,m(D^m 

mi^Un. l^l^—m^Wi<DL i NbOa (CLN) l^U 
{t^aiie^L i NbOa (SLN) ^(D^necD^^; 
J^</M8 0 :CLN. ZnO:CLN.MgO:SL 
N. ZnO : SLN^CDK-fV^L/cJiffiCOjfe^:^^^ 

rj:^m-f)^hmtR^titcunxx^xi.^^. yj^o 20 

[if 3 ] f»^^ 1 9 (^cnEm(oyjm(fC:ioi.>x. m 

2 4 ] gf 1 9 Kwrnoy-nrnK^^^x. m 
s^^^nrc^^. -nm. 30 

[iS«:^2 5 3 fS^^i 9K:fStE<D:frffi«:*5C^T. Su 

m^m2 6 ] m^mi 9^iaigcD:^&tcfci>T. mf 

fBffl^(D34ALL/clf:/«^». BuiB-<D^@Jgfe^mi* 
CgS*3S2 7] 9^iBfgcD:^iS^^c^r. «f 40 

[i«^^2 8 ] m^m 1 9 cciBiEcD:^atc*5i>T. 

[19^2 9 ] 1 9 {Cga®cr):)3aCC*5t,>T. f? 50 
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[ 3 0 ] m^m 1 9 ^ciBiS(D:^ft fei i r . bu 

^mttt4«. yi-ijvv. Y-tfvh. j^aZ'tf 
m^rn^ 1 ] m^mi Q^%zm<o^m^^\^^x. m 
[ii3S3S3 21 9tcfaii<o:&ftK:*5t^r. str 

3 3 J n^m 1 9 cciBK<D:^^*5t^r . lu 

tz^mmimmwwhmmt.. ^m:^r^-i^^moxm 

Cif^^3 4 ] 19^^ 1 9 &ciBigc>:^Stcfci^r, tu 

1 ) ^^ff^j^iS^^ccoi^rcDMfKfita^^ (QP 

2) ^2^i5p-^^^ (SHG) . fQiliSJ^^ (SF 
G) . mmi^^ (DFG) . h y ^^l^ 

(OPO) . h y V ^itti (OP A) . 

^ l^y (OPG) . *5J:0':^X>>-- KMSiSS: 

3) u-tf-7=^:^:7"u— , ■»f-::^=^-f if 

5) t:--M.:^.^^:tmmM^^ (EO) 

6) ^7^^ (AO) -^:i^:xix---^:s^c>'^u-T-^ >y 
mshimf)^ 6 ^j: €>g¥7&> eiiiJ/^^ tifc:f^mxi^mx^ ^ . 

^^'T^mmi^iimx^'^x. ^mmmtn. 

Rl^^V^-*tntft^rj::Bmf3f^hmVi$tifctinx 

x^xi.^^mmmtniH'^mf&'rhJLm. 
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nmmWtiUi^. LiNbOa. LiTaOa. KTiO 
PC KNbOa. BaBzO.. RO'MgOrLiNb 

Oa^O'Z n O : L i N b OM<D^tl^o:>^m ; S i O 
GeO.SiO,. :E^iJzr:z.R^mmm.yT^^^m 

tzmmwtimt.. l i n b 03:5^ckl i t a o.^co^m 

^^S^CDL i NbOa (CLN) RO' 
<b^S^8«JL i Nb03 (SLN) ^CD^necD^iK: 
RO'MgO :CLN. ZnO:CLN. MgO: SL 
N. ZnO : S L N^O K - 1:*> :5^b/cJi»CDS^3&^6 

So 

[it5j^^4 3 ] g»*^3 6tciBt6o:frStc*5t^T. Hu 

[if 4 4 ] fS*:^ 3 6 i^c%m.o:>-y5mc fcc ^ ftf 
fBlg^<D!*jiU/c1^:/1ti^«. mrlB— cD5>SJ^iim<* 

[195^4 6 3 ii*^3 6«:iBtg<D:&SK:fct^T. Su 
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[ft*^4 8 3 ff*^3 6 ^ciBi£cD:S-S^cfci^r. M 

[fi^^s 0 3 it^^.3 6tciBtg<D:^;Stc*5tir. itr 
10 iBiimt*f4tt. HlriB^SSfe^mf*fa/h«igotJS'43 

[^^^5 1 3 if*^3 6CciB«<D:&S^feCi"C. m 

1) m^i^mmim.^^'^^^ncDmm.mm.^ (qp 

M) . m^m^Wi. Pim*. Q-:X-< ':.^/xVl/ 

2) l|2SP^^ (SHG) . mmm^^ (SF 
G) . ^^S^^ (DFG) . h y v^m^ 

20 (OPO) . 3^/^•^y h y > ^JftJi (OP A) . 

^ h y t:;^:^^ (OPG) . FM/i^^^^C 

if-. 

5) t:*-AX=^-r:^fflm^:)fe^ (EO) -%^z:>:^iy- 
30 6) (AO) U-^RO'^'U-'T >^ 

[ it^JcJi 5 2 3 3 6 ^ct^mo)-n-mc > r . K 

So 
So 

[iS3R^5 4 ] 1 9 tciBig(D:;?ffi^:ba^r. F 

^ > ^ - > ^ - X ± tC IBg 5 tlfc BUf Bil 

50 U/CliS^ 
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tut amH - mmmiffC x ^ ^ ^ > ^.i^ ^ ;^ ^ j: ^ t mm 
fc«3. cn6^SiJi®-r^**ism^ii:3.j:-.:, h (cp 

[ft *31 5 6 ] 5 5 ^CtaigCD^*- V > ^-t h 

>:7*^IE^#tf . y > h r lO 

^.^HOc^tf . y > ^-fe ;^ h r ^ :/o 

M^^tf. Ji<-y>^-fe':^ FT >:7*o 
[if 5 9 ] 5 5 tCiatgCDJi^- y > ^^-fe h 

T^:^:7'K:*$i^r. SriiB•^:c'-/^^-;^u:a^g$n/c'^:t 

-yNSnf^i > h ^MtC^tf , y > d^-fe > h T .y 20 

[0 0 0 1 ] 

[0 00 2] 

m'r^fc^(Di^fcrj:fm^^m<. mm^m ( i c) st>' 

[0 00 3] g^/jN=l«^X^^^m^*4P*9r^T€> Dj 

PLN) . mm^m^^v^0J^^>^\y-h (ppl 

T) . :S:D^';§^d?>^J^IiK T i OPO4 (PPKTP) 

xivt5f4co^- y > i^xti^ y -^^M^^cD^- y > 

[0 004] ^@Jgeiimftg^/M8a^cDffli^cDM5i. ::: 
;X^Ni^.ff^^{l:^^J^o^^f^$4cD!g{ti(ita^ (QP 
M) #^?f^j^?gi5^^r'^'2»o M;^ii. ( 1 ) ^2]^p 
(SHG) XCJfO^^* (SFG) ^X->X'm 

^mj'^mt^^^x^^ . ( 2 ) ( D F 

G) . it^^'yji h y ^^Ji (OPO) . fc^^'y^ h y 

-^^lifi (OP A) . ikuit^^'y^ h y (OP 
G) cc^orfs^^^^-c^. i-^) mmmmjkmt so 
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m-^ill#A!!fS^tf^/ca?)6C7fe^a?g5+1^-- (OFM) ^ 
-y-. igil^i^:^ U-^. ^fflc^m^^ (EO) -tv?:x 

[0 00 5] i^±cr)««Iir^cDffi^^^-r^/cS?)CD^iE:^j: 
^ ^ ^ ^(D— igiEi^tt*4rt K:mM(D®/J^«it€:>'^• 
[0 00 6] ^mi*a/J^^t3^cD5i<- y ly^^^Vi^mt 

f mm) tf^^i.^^m(om&.^mmiicr^. m 
y > ^5^ao:^ji«^bcc>?*-r y > ^mm^&^a^ 

[0 00 7] ^mf*^/J^«itcD4<- y >^'^:fot:t^ffe(D 

(^K-y >^'7*n'feX^4dt:f^>— >^ (seed 
in fir) <b or) ^^-r-SCi. SO'^om^CDT-C 

[0 00 8] 1 9 9 9^1 0>gCcMf5n/cVy KX 
7"- h<D^m^(Dm 1 O^OD^ 16 8 1 MT!;^ 1 6 8 
imCiEn^tlfc. V. Y. i^i'-^CD r y 

ti^} tl^^^mCU. ^WCD^®X>r •:;^>^^Ccfc€> 
L i N b O, ^:ft5tt'S >«S©MPS<DlSlie«JPF5S 

[0 00 9 ] 1 9 9 7^8;^ 1 5 B:cffJtf^nfc3t^S 

mm(Dm2 zmmi B^<Dmi 2 1 AWJ^^mi 2 1 6 
Mcciatg^tifc. J. p. ^^ly^cD -^mmm^mmM. 

y ^'^A^Sf h-C(D|g2]SPI^%^^J:€>PlpoJ 

^^cc^^ficosct^j *^>-;^Mft({ifa^ 

^^2iSI)|^r^ (QPM SHG) 
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[0 0 10] 1 99 9^9>g2 0BtCTOf$nytJCt;ffl^ 
6 7 5MtCiBig^tl/c. R. G. r]^*^]^ 

glcK:«. ';^^>^'^ffl^3A^^li#;J<- 
[00 11] I 99Q^9^9B(^mT^tlfclZ^m^m 

^mm<Dme9m<Dmi bsbmibmrni sotm&c 

■C5mo 1 %OMgOr F-f>5^L/fcL i NbO 
3 (MgO : LN) (DT>^^^'^ V'JV^mmi^l' ^ ^ > 

[00 12] 1 99 9^5>g 1 BtCTOf^n/tj£^?^S 

^cr>^3 8^CD||L5 1 2M7^^L5 1 4M^iEt8 

K-:7*^n/cL i Nb O3 J il^ -^i^CiK^^^:. ^ft^g 20 

^Sg^SSKO/c. MgO^K-::^$n/cL i Nb03 
(PPMgLN) ,^^cDM^305iBiS^nrc^^. 
[0 0 13] 1 9 9 6^1 0.^2 8a«:ffKf ^n/cto^ 

i^s^Baiome 9^11 1 8-^0^2 e 2 gMTiiMm 

2 6 3 1 MCCiBtfe^n/c. A. >'^^d^'^(D rnn:^S5(^ 
acc<:fc€>. >'^V^^/§»355^@JS^MgO-L i Nb O3 J 
iC^^UtSKtC^, ^N';l/^^»i^SJ^MgO-L i Nb 

03 a«<D:3 p J: ^S5fiS:»^*^iBig$ nr 

30 

[0 0 14] 1 99 7^6>g9HtCTiJ?f$n/cjxrvffi!B5S 

^^^CD^T 0^IS2 3^(0^3 0 7 8M7^Mm3 0 

8 0M^ci3tg$n/c. s. vy^m<o rmm59^SJ^SE^ 

n/c. X-:^-:^ hcDMgO:?&SK-:7'5n/cL i NbO, 
^?gW^*Jt:f^ll2i^p'^|^^j <Ll,^^:^iStcti. TE 
-^r- KS^rt^tt^^tJ^^-^^i^fil^^S^^ (APE) 
<J:-SX-:*;5^ KDMgr05mo 1 %K-:/3n/cL i N 

bo, (Mgo : LN) mm^^. mm^mm^mz^ 
[0015] ^^^'^'-mf^ii^^tifc^mmw^me. i 4o 

56. 2 2 5-^«:W. «|^Fy-Y>>'^•t5f->^b*^iB»8$ 

[0016] -t-^^^^cfi^^^n/c^s^fit^s . 1 9 
3 . 0 2 3 -^^ ^mm^mwyt^m^<D f ^ > 

[ 0 0 1 7 ] ^ F^K:#^5n/c*S^$l*^5 . 
5 1 9.8 0 2-^^C^J. /^•^-->^^K^#^^}^-::>^ 

[0018]:^.:. hmcm^;^tifc^mmm5 .99 50 
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1.065 -^fc«, iiKi^gss Fy >f ^mm^^-or 

-So 

[0019] :^;->rby>i¥w:^*^5n/c*@1^i*ll5. 

98 6, 7 9 B^t^at. yt^^^ri<^V>'^r^fctb 

[0 02 0] '5^3;'>^3->^K:f^^$n/c*@iRF^|| 

5 . 8 7 5. 0 53 #^6*. ^SSegmi^^gJSfeMS® 

ig^X)^iBtg$n'cci€>o 

[0 02 1 ] /Wi--#tC>f^^$n/c*@!^f¥^5. 8 
3 8. 7 0 2-^tctj. yy > FX-r- h*<*CD^gmi* 

Fy ^ >©^i^^^w^c*ijai-r€>^a?&5iBtg$n 

[0 0 2 2 ] i-7^^^>W^^n/c*@1$rFll5. 7 8 
6 . 9 2 6 -^tC fci. J^^ F ^ >3&5®^^(*S«Ol^(W 

[0 02 3 ] tfy'^mifCi^^^^tifc^m^w^mb. 7 5 

6, 2 6 3-^k:«. mm^tifcmn^m^^ct(^^^ 

x^mmf^ F ^ ^ > ^ JSKT ^ *a?55iBtg 5 nr c ^ s o 

[0 024] uy'u >:^'- F^K:f^#5ni^c*@#l^l^ 
5, 6 5 4. 2 2 9-^(C&i. J^-H' ^^iy^ Jl^^^^i^Wt 

[0 0 2 5] ^xo^mi^i^^^tifc^m^w^m^. e 

5 2.6 7 4-^tc&^. V ^ ^ lyK^mmDnmnm. c 

[0 02 6] y ^-jv b'm(rci^^:^tifc^mmmb . 

6 15. 0 4 1-^^cti. ^^^-xt^m^^mmimm 

[0 02 7] ^xo^mcii^^tifc^mi^wme, 0 
0 2.51 5-%cc&i. ^mmMkn^^comm.yjm. cn^ 
mm Lfiiye^^n^:r. u ^ > f . ^u^yt^m^m^^ 

[0 0 2 8 ] ^-v^^^^^-^^n/c*S^i^^^5. 74 

4 . 0 7 3 ^^f* F ^ >S«te©^:^*5 
iBis^nri^Sc 

[0 0 2 9 ] r.-\H'^^^^#$n/c*@q#i^^5. 6 6 

8. 5 7 8-^k:«. ^il^<*F^^>JSIteO^:&a:R 

> >r^'>^ ^ J. u y > F :^ifBig^ nrc^ 

[0 0 3 0 ] >'^^y^^i^-^^t^/c*@#l*05. 5 9 
4. 7 4 6-^e-C«. ?a^<*i9'^J^^tf ^/ci!^><3r)*ffi 

[0 03 1 ] i-'7^^5^^^>f^^$n/c*ll^f1pm5. 5 
2 6. 1 7 3-^tC«. #^?i^3fe^«?4©^B^fe«J^^® 

7t>5fBi£^nr(,^^„ 

[0 03 2] ^^^m(rc{^^i^tifc^mm^mb . 2 4 

9. 2 5 0-^iC^i. F^>r>^jS;Sr^o3^^^RC;^^ 



C7) 

XL 

[0 03 3] fJ'y^m(iCii^;^tifc^m^P^m5, i a 
8 . 3 6 1 K y >r 

[0 03 4] =IV^•^>^te:^#^tl/c*@^^f!FM5. 7 

3 4. 7 7 m^uWm^^'^W)^rji:^tlfc^m 

[0 03 5] 

[0 03 6] CCDffe(Dfat8«TS:3&^6HJ6:0^^^C-2»-C^ 
[0 0 3 7 ] 

[0 03 8 ] ^:^Bj«. mc^m^^tmm<o:Rjimix:s 

[0 039] 

F^asem^s^-t--^ > h ^:^i^^$Tjai-r ^ c ^ ^ 
[0040] :^^m\t. 6^^^mm.wmA^mmo:>mm 

tc. c<D^^•df->>fb-^:fi^ffi^5^cmoll^s■r'S/c^^><3^> 
[0 04 1] ^wx^m'mtwbmm:^\t. >jc-:> 

c^T. -fiS:S^^c^>"d^-Wb-Si^*S^*^?g©»^L 50 
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T^Tf^T-So L^ii^L'tjiti^h. CCl^mm-T ^J^^->it 

[0 04 2 ] ^^•^->>^b^^f^/ci?). M«$n/ciimi* 

ft*4^iSSfOaitU/c1^:/1tS^'fe^>> F^Ctt-'So 
[ 0 0 4 3 ] S 1 CDati. fi^SJBCDB c mCD>'^•^-> 

[0 04 4] 4<-U>i^V-U-fe;^tfi^ M^L:6^6is^^W 
-m^@^^75S^^f*M5F4 1 0(O^W}^^C^^V. 

[0 04 5] SlCDb^i. *:^H.^CD$?^Ul^llMt?9^ij^ 

mt^. AMm>^c4 cm^^•l>->^bil^^*t^^42 0 

1 <D a <D^^• ^ - Wb L /c^m^*4i l^^-r * -5 ) 
^Il^CDm@2 2. 2 4tC^^-r6o F^ >2 

6. 2 8 (*^CD^S2 2. 2 4^mW^;&H:f-SC<htC 

[0 04 6] mS2 2. 2 4<D^^CDffi<D^^^mM3 
O. 3 2tC^^(D^^2 3. 2 5^LrS3gir-So 3Cp< 

•fe X cfi(D^m^Mf4cD:*:» 2 0 C[>m^- HS^S^T 
[0 047 ] CW^®fflji<- y >^^^•1S^->S2CDbRO' 

fcmmA 0 ^J#':>;^^i^>^>-^->{b-gim»t^f4tCOlir 
[0 04 8 ] S2(DbRO*c«:^f<i:^K:. :$:^^<d$? 
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68. 7 B^affl^^-O/c^gX^-A^lrij^-ro i^^(OV^ 
•fe :;h5 8. 6 8. 7 8<30&^ti. ^^(D^g^5 2. 6 10 
2. 7 2K:^^(^^;^5 4. 6 4. 7 4^/rUTSg|$ 
n/c^^<OMS5 0. 6 0. 7 0^^iS'o ^^(OF^-Y 
>56. 66. 76t*. HI^^^^O^SO. 60. 
7 0^Ctt]x.'SC<h^J:oT<l^CD^@5 0. 60. 70 

[oo5o]i^2<Dc». i^m^^^-:^itmm{mm 

1 2 OK:-oiiTCD^2<Da(DS^*a^<omSX^-A 
^. ^-»;>^^/^•^ — >cr)Ma:0VJ\$(,ieH"^a)1^:/-fe ^ 
h8 8. 9 8. 1 0 8. 1 1 B^Cjfffi^L'/cmgX^-A 
€:^To ^^CD1f ';/h88.98. 108. 118 20 
CDS^«. ^^<D^^8 2. 9 2. 1 0 2. 1 1 2tC^ 
^<D2S;ga84. 94. 1 04. \ lA^iti^xm^^tl 
fc^^om^SO. 9 0. 1 0 0. llO^^tfoHW 

^^(DF^W^>8 1 . 9 1. 10 1. 
1 1 1 ^^^<Dm@8 0. 9 0. 1 0 0. llOiifiJg 

Lxmmi^un i 2 0 ^cit^-r^o 
[0 05 1 ] cm^f&mm-mscohj^^c:^ msosL 
«. 02oa^c^■r<D^^^I=||(DA^i^>'^"^^-•>^l:em^* 

mm 1 2 1 f)mm 1 2 2 oc^^ 1 2 4 ^/M/rsj^^n 30 

[0 0 5 2 } S3CDb:S:0'ctC7j^-rJ:5Cc. SC^;i»3 
(^l<Db#ff3) Si>V3l«/h$c^5i<-y>yDiS m 

[0 0 5 3 ] s3CDb«. :^m^^^->itm^min 

tC-:5C>rcDS3C7)a(DSe5feS^CDm@X=^ — A>l:. /h® 
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1 Title of Invention 

MK TWQP Qf PATTERWnJG ANP FABRICATING POCED PIELECTIUC 
MintOSTRTJCTURBg W TTHTN PIRl^CTTRlCMATRlirAr «g 

2 Claims 

1. A method of patterning and fabricating poled dielectric microstructures in a 
dielectric material, comprising liie steps of: 

providing a unitary poled dielectric microstnicture within a dielectric 
material; 

segmenting the unitary poled dielectric micrastnictiire into a plurality of 
independent sub-structures; and 

&bricating the poled c&electric microstractures within each of the plurality of 
independent sub-structures. 

2, The method of claim i, whareiA the dielectric material is comprised of a material 
selected from the group consisting of fenoelectric materials, glass materials and 
polymer materials. 

3' The method of daim i, wherein the dielectric material - is comprised of a material 
selected from the group consisting of. ferroelectric materials such as LiNbOj. 
LiTaOa, KTiOP04, KNbOa, BaB304 and their famUy such as MgOrUNbOa and 
ZnO.'UNbOs: glass materials such as SiOa, GeOzSiOe, liised silica or silicate flber; 
and polymer materials such as Z^spersion Red i Side diain polymer. 
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4. The method of claim 1, "vviierein the dielectric material - is comprised of a material 
selected from the group consisting of- ferroelectric materials such as UNbOs and 
LiTaOa and their femily such as congruent IiNb05 (CLN) and stoichiometric LiNbQa 
(SLN); and the above crystals with doping such as MgO:CLN, ZnO:CLN, MgChSLN, 
ZrO:SLK. 

5. The method of claim 1, wherein the plurality of independent sub-structures have 
larger periods than the unitary poled dielectric microstructure. 

6. Hie method of daim 1, wherein the plurality of independent sub-structures have 
smalleF-^uea poling patterns than the unitary poled dielectric microstnicture . 

7. The method of claim 1, wherein the patterned and fabricated poled dielectric 
microstnictures are enhanced nucleated. 

8. The mefliod of daim 1, wher^n the plurality of independent sub-structures have 
larger periods and smaller-area poling i>attems than the unitary poled dielectric 
microstnicture. 

9. The method of daim 1, wherein the plurality of independent sub-structures have 
lazger periods and smaller-area poling patterns than the unitary poled didectric 
microstnicxuie and the patterned and febricated poled dielectric microstructures 
are enhanced nucleated. 
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10. The method of daim i, wherein the plurality cf independent sub-structures have 
larger periods than the unitary poled dielectric microstructurs and the patterned 
and fabricated poled dielectric microstmctures are enhanced nucleated. 

11. The method of cl^m i. wherein the plurality of independent sub-structures have 
smaller-area poling patterns than the unitary poled dielectric microstructure and 
the patterned and fabricated poled dielectric microstmctures are enhanced 
nucleated. 

12. The method of claim i, wherein the poled dieleetiic raicrostiuctures are formed 
on both sides of the dielectric material. 

13. The method of claim 1, wherein the dielectric material -has a crystal orientation 
selected from the group consisting of X-cut, Y-cut and Z-cut. 

14. The method of claim 1, wherein the poled dielectric microstmctures may be 
Cabricated using liquid contact electrodes. 

15. The method of claim i^ wherein the poled dielectric miciostructures may be 
fabricated by sequentially applying voltage through pre-wired conductive lines. 
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16. The method of claim 1, wherein the poled dielectric microstnictures may be 
fabricated by applying voltage through moving stages to contact points for each 
independent sub-structure. 

17. The method of claim 1, wherein the dielectric material has cxyscal properties that 
are adjusted through temperature variations of the dielectric material during 
fabrication of the poled dielectric microstructures. 

18. The method of claim 1, wfaerdn the fefaricated poled dielectric microstructures 
may be utilized in a manaer selected from the group consisting of: 

1) qua^phase matching (QPM) for nonlinear frequency conversion and 
generation of UV, visible light, infrared (IR), Q-svrftched and ultrashort pulses, 

2) conversion processes through second harmonic generation (SHG), sura 
frequency generation (SFGX difference frequency generation (DFG), optical 
parametric osdllatioa (OPO)j optical parametric amplification (OPA), optical 
parametric generation (OPG), cascaded frequency conversion; 

3) a light source for laser displays, laser scanners; laser printing, laser 
spectroscopes, sensing and detection applications and biology and medical 
applications; 

4) optical frequency mixers for optical fiber communication and optical signal 
processing; 

5) electro-optic GSO) modulators for beam scanners, sensors and high-speed 
modulators; and 
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6) acoustic-optical (AO) modulators and grating assisted devices. 

19. A method of patteraing and fabricating poled dielectric microstructures in 
dielectric materials, comprising the steps of: 

providing a unitaiy poted dielectric micTostructare within a dielectric material; 
wherein the dielectric material - is comprised of a material selected from the group 
consisting of ferroelectric materials, glass materials and polymer materials; 

segmenting the unitary poled dielectric miciQStnicture into a plurality of 
independent sub-structures; and 

fabricating the poled dielectric microstmetures widiin each of the plurality of 
independent sub-structures. 

20. The method of claim 19, wherein the dielectric material structure is comprised 
of a material selected ^m the group consisting of: ferroelectric materials such as 
liHbO^, UTaQa, KHOPO*. KNbQa, BaB^O^ and their family such as MgOrLiNhOs 
and ZnO:LiNb03; glass materials such as SiOa GeOsSiOa, fused silica and silicate 
fiber; and polymer materials such as Dispersion Red 1 Side Chain polymer. 

21. The method of daim 19, wherein the dielectric material is comprised of a 
material selected &am the group c:onslsting of: ferroelectric materials such as 
UNbQs and UtaOa and their family such as congruent LiNbOi (CLN) and 
stoichiometric UNbQs (SLN); and the above ciystals with doping such as MgO:CLN, 
ZnO:CLN, MgO:SLN, 2nO:SLN. 
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22. The method of claim 19, vvhrnin the plurality of independent sub-structures 
have larger periods than the nnitaiy poled dielectric microstructure. 

23. The methcxl of claim 19, wherein the plurality of independent sub-stnicturcs 
have smaller-area poling patterns than the unitary poled dielectric microstructure. 

24. The method of claim 19, wherein the patterned and fahricated poled dielectric 
microstructures are enhanced nucleated. 

25. The method of claim 19, wherein the plurality of independent sub-structures 
have larger periods and smaDer-area poling pattBms than the unitary poled 
dielectric microstructure. 

26. Hie method of claim 29, wherein the plurality of independent sub-structures 
have larger periods and smaller-area poling patterns than the unitary poled 
dielectric microstructure and the patterned and fabricated poled dielectric 
microstructures are enhanced nucleated. 

27. The method of claim I9w wherein the plurality of independent sub-structures 
have larger periods than the unitary poled didectric miciostructure. and the 
patterned and fabricated poled dielectric microstructures are enhanced nucleated. 
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28. The method of claim 19, wherein the plurality of independent sub-structures 
have smaller-area poling patterns than the unitaiy poled dielectric micrastnicture. 
and the patterned and fabricated poled dielectric micrastructures are enhanced 
nucleated. 

29. The method of claim 19, wherein the poled dielectric microstnictures are foraied 
on both sides of the dielectric material -. 

30. The method of claim 19, wherein the dielectric material has a ciystal orientation 
selected from the group consisting of X-cut, Y-cut and Z-cut. 

31. The method of claim 19, wherein the poled dielectric microstnictures may be 
fabricated using liquid contact electrodes. 

32. Hie method of claim 19, wherein the poled dielectric microstnictures may be 
fabricated by sequentially applying voltage dirough pre-wired conductive lines. 

33. The method of claim 19, \^erein the poled dielectric microstructures may be 
fabricated by applying voltage through moving stages to contact points for each 
independent sub-5truct\ire. 
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34. The method of claim 19, who-ein the dictectric material - has crystal properties 
that are adjusted through temperature variations of the dielectric material - during 
fabrication of the poled dielectric microstructures. 

35. The method of daim 19, wherein the fabricated poled dielectric microstructures 
may be utilized in a manner selected from the group consisting of: 

1) quasi-phase matching (QPM) for nonlinear frequency conversion and 
generation of UV, visible light, infrared CIR). Q-switched and ultrashort pulses; 

2) oonver^on processes through second harmonic generation (SHG), sum 
frequency generation (SFG), difference frequency generation (DFG), optical 
parametric oscfllation (OPO), optical parametric amplification (OPA), optical 
{nrametric generation (OPG), cascaded frequency conversion; 

3) a light source for laser dteplao-s. laser scanners, laser printing, laser 
spectroscopes* sensing and detection applications and biology and medical 
abdications; 

4) optical frequexicy mixers for optical fiber communication and optical signal 
processing; 

5) dectro-optic (EO) modulators for beam scanners, sensors and high-speed 
modulatoT?; and 

6) acoustic-optical (AO) modulatoirs and grating assisted devices. 

36. A method of patterning and fabricating poled dielectric microstructures in 
dielectric materials, comprising the steps of: 
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providing a unitary poled dielectric microstructure within a dielectric 
material; the dielectric material -having a crystal orientation selected from the 
group consisting of X-cul, Y-cut and Z-cut; and the dielectric material being 
comiirsed of a material selected from the group consisting of ferroelectric materials, 
glass materials and polymer materials; 

segmenting the unitary poled dielectric microstructure into a plurality of 
independent suh-structures; and 

fabricating the poled dielectric microstnictures within each of the plurality of 
independent sub-structures. 

37. The method of claim 36, wherein the dielectric material is comprised of a 
materia] selected from thp group consisting of: ferroelectric materials such as 
UNbOs, LiTaOa, IdlOPO*. KNbOa. BaBzOA and their family such as MgO:LiNb03 
and ZnOzUNbOs; glass materials such as SiOa, GeOaSiOa, fused sDica and silicate 
fiber; and polymer materials such as Dispersion Red 1 Side Chain polymer. 

38, The method of claim 36, wherein the dielectric material is comprised of a 
material selected from the group consisting of: ferroelectric materials such as 
liNbOj and LfTaOs and their family such as congruent UNbOs CCLN) and 
stoichiometric UNbOs (SLN); and the above ciystals wftti doping such as MgQiCLN, 
ZnO:CLN, MgO:SLN. ZdO:SLN. 
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39. The method of claim 36, wherein the plurality of independent sub-structures 
have larger periods than the unitary poled dielectric microstructure. 

40. The method of daim 36, wherein the phirality of independent sub-structures 
have smaller-area poling patterns than the unitary poled dielectric mlcrostructure. 

41. The method of daim 36, wherein the patterned and fabricated poled dielectric 
microstnictures are enhanced nucleated- 

42. The method of claim 36, i^iierein the plurality of independent sub-structures 
have larger periods and smaller-area poling patterns than the imitaiy poled 
dielectric microstructure.* 

43. The method of claim 36, wherein the plurality of independent sub^stnicturcs 
have larger periods and smaller-area poling patterns than the dielectric material 
structure and the patterned and fabricated poled dielectric microstructures are 
enhanced nucleated. 

44. The method of claim 36, wherein the plurality of independent sub-structures 
have larger periods than the unitary poled dielectric microstructure and the 
patterned and fabricated poled dielectric microstructures are enhanced nucleated. 
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45. The method of claim 36, wherein the plurality of independent sub-structures 
have smaller-area poling patterns than the unitary poled dielectric microstnicture 
and the patterned and fabricated poled dielectric microstructures are enhanced 
nucleated. 

46. the method of daim 36, wherein the poled ctielectric microstructures are 
formed on both sides of the dielectric material. 

47. Tbe method of daim 36, wherein the poled dielectric microstructures nay be 
fobricated using liquid contact electrodes. 

48. The method of claim 36, wherein the poled dielectric microstructures may be 
fabricated by sequentially ^>plying voltage through pre-wired conductive lines. 

49. The method of daim 36, wherein the poled dielectric microstructures may be 
fabricated by applying voltage through movir^ stages to contact points for each 
independent sub-stmcture. 



50. TTie method of daim 36, wherein the dielectric material -has crystal properties 
that are adjusted through temperature variations of the dielectric material -during 
fabrication of the poled dielectric micnsstrucTures. 
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51. Hie method of claim 36, wherein the fabricated poled dielectric microstructures 
may be utilized in a maaner selected from the group consisting of: 

1) quasi-phase matching (QPM) for nonlinear frequency converdon and 
generation of UV, visible light, infrared OR). Q-switched and ultrashort pulses; 

2) oonveision processes through second harmonic generation CSHG). sum 
frequency generation (SFG), difference frequency generation CDFG). optical 
parametric oscillation COPO), optical parametric amplification (OPA), optical 
parametric generation (OPG), cascaded frequency conversion; 

3) a li^t source for laser displays, laser scanners, laser printing, laser 
spectroscopes, sensing and detection applications and biology and medical 
applications; 

4) optical freqUOTcy mixera for optical fiber communication and optical signal 
processing; 

5) electro-optic (EO) optic modulators for beam scanners, sensors and high- 
speed modulators; and 

6) acoustic^ptical (AO) modulatora and grating assisted devices. 

52. The method of claim 36* indudlng an ion-CKchanged pattern as a domain growth 

confinemeot layer. 

53. The method of claim 1, including an ion-exchai%ed pattern as a domain growth 
confinement \ayeT. 
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54. The methtxl of claim 19, induding an ion-exchanged pattern as a domain growth 
confinement layer. 

55. A paling setup to electrically pole a dielectric material wafer, comprising: 

the dielectric material wafer disposed within a vacuum chamber on a wafer 

base; 

the wafer base heing connected to a position controller for cootroHing the 
position of the wafer base; 

patterned electrodes disposed proximate the dieleclric material wafer; the 
patterned electrodes heing divided into two or more edectrode subsets; 

a voltage and current supply connected to the patterned electrodes by 
conductive fines; 

a high voltage facility connected to the voltage and current supply Iq^ a 
switching box; and 

a central processing unit (CPUD electrically connected to, and controlling, the 
high voltage focflity, the switching box and the position controller. 

56. The poling setup of claim 55, further indudiiig a vacuum pump connected to the 
vacuum chamber. 

57. The poUng setup of claim 55, further including a source of dry nitrogen 
connected to the vacuum chamber. 

58. The poling setup of claim 55, further including a vacuum pump connected to the 
vacuum chamber, and a source of diy nitrogen connected to the vacuum chamber. 

59. The poling setup of claim 55i further including a wafer heating clement 
connected to the wafer base. 
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3 Detailed Description of Invention 
FIELD QF THE INVENTION 

The present invention relates generally to the engineering of dielectric 
materials and mote speciHcally to methods of patterning and fabricating poled 
dielectric microstructures within dielectric materials. 

BAr-KOROlTNP O P THR ntfVEN^nQ^f 

Patterning and fabrication of microstructures within dielectric 
materials enable a new dimension in material engineering and thus opens up new 
opiwrtunities for the use of dielectric materials in a varied of applications. The 
ability to design and process semiconductor materials for integrated drcuits (IC) 
and semiconductor lasers is analogous to such a new dimension and opportunities 
now presented to dielectric materials. 

The feasibility to perform microstructuxe engineering within didectric 
materials has been shown in, for example^ domain reversals of ferroelectric 
materials sudi as periodically poled lithium niobate (PPLN), periodically poled 
lithmm tantalate (PPLT) and periodically poled ICnOP04 (PPKTP). Progress has 
also been shown in other materials such as poling in glass materials or poling in 
polymer materials. 

Example applications of poled dielectric microstructures are quasi- 
phase-matched (QPM) nonlinear frequency conversion in dielectric materials with 
second order nonlinear susceptibilities. For example: (O UV and visible light can be 
generated via second harmonic generation (SHG) or sum frequency generation 
(SFG); (2) inftared can be generated via difference fiiequency generation (DFG), 
optical parametric oscillation (OPO), optical parametric amplification COPA) and 
optical panmetric generation (OPG); and (3) optical frequency mixers COFM) can 
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be used for tdec3ommunication and optical signal processing. Further examples 
include electro-optic (EC) modulators for beam scanners, sensors, high-speed 
modulators, etc. 

One of the major factors for the realization of the above example 
applications depends upon the ability to patterning and fabrication of the desired 
microstructures widiin the proper materials. The prior art provides a basic 
patterning and fiabricatlon approach such as ferroelectric domain reversals via 
electric field poling or thermal poling. However, as the desired patterned structures 
require finer microstructures such as shorter ferroelectric domain period or pattern 
structures with aperiodic periods, the challenge in achieving the desired pattern 
structures arises. Moreover, ^K>se methods can*t necessarily be used or optimized 
for the fabrication of several other proper materials. In addition, those methods also 
might encounter the scalability and yield issues in the fabrication of large area 
patterned miciostructures. 

One of the challenges in the poiUig of dielectric microstructures is 
the electric field and electric dipole interference vrithin the body of dielectric 
materials during the electric field poling process. Such electric field and electric 
dipole interference results in non-uniform domain structures and difficulties in 
generating domain with short pitch (period). Additional challenges in poling of 
dielectric niicFostructures come from the scalability of the poling area. As the poling 
area increases, the total required poling time will also increase. The large ratio 
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between the total amount of poling time for large area structures and the optimized 
poling time for each indis-idual microstmcture enhances the fabrication difficulty for 
generating large area and uniform microstnictures. 

Other challenges in the poling of dielectric microstructures include the 
generation of uniform high mideation density (as seeding in the poling process) 
under high electric fields and the formation of uniform microstnictures under 
optimized electric fields. 

The aitide "Domain kinetics in the formatioii of a p«iodic domain 
structure in lithium niobate." V. Y. Shur et al.. Physics of the Solid State, Vol. 41* No. 
10, pages 1681 - 1687, October 1999, describes the experimental investigation of the 
evolution of the domain structure in UNbOg with polarization switching in an 
electric field. 

The article ^unable ultraviolet radiation by second-harmonic 
generation in periodically poled lithium tantalatc," J. P. Mcyn et al.. Optics Letters, 
Vol. 22, No. 16, pages 1214 - 1216, August 15, i997> describes electric-field poling of 
fine-pitch ferroelectric domain gratings in lithium tantalate and characterization of 
nonlinear-optical properties by single-pass quasi-phase-matched second-harmonic 
generation (QPM SHG). 
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The article "Backswitch poling in lithium niobate for high-fidelity 
domain patterning and efficient blue light generation," R. G. Batchko al.. Applied 
Physics Letters. Vol. 75, No. 12, pages 1673 - i675» 20 September i999. describes an 
e]ectric-field poling technique which incorporates spontaneous backswitching. 

The article "Domain in ferroelectric MgOiUNbOj by applying electric 
fields,'* A. KinwJa et al., Appl. Physics Lett., 69. pages 1565 - 1567» 9 September 
1996, describes inversion of an antiparallel ferroelectric domain in LiNbOa doped 
with 5 mol % MgO (MgO:LK) at room temperature by application of a step-like 
electric fiekL 

The article "Bulk Periodically Poled MgO-doped LiNb03 by External 
Electric Field Application," M. Nakaraura et al., Jpn. J. AppL Phys., Vol. 38, pages 
L512 - L514, 1 May 1999, describes fabrication of bulk periodically poled MgO- 
doped LiNbQ} (PPMgLN) crystals by an electric field poling process using a liquid 
electrode technique. 

The article "Bulk periodically poled MgOUNbO^ by corona discharge 
method," A. Harada et aL, Appl. Phys. Lett. 69 (18), pages 2629 ' 2631, 
28 October 1996, describes a corona discharge method of the fabrication of bulk 
periodicaHy poled MgD-LiNbO, substrates. 
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The article "Second harmonic generation in electric poled X-cut MgO- 
doped UNbOa waveguides." S. Sonoda et aU Appl. Phys. Lett., 70 (23),pages 3078 - 
3080, 9 June 1997, demonstrates that quasi-phasc-matched second harmonic 
generation occurs in annealed proton-exchanged (APE) X-cut MgO 5 moi% doped 
UNbOs (MgQ:LN) waveguides supporting a TE-mode guided ^.-ave. 

U.S. PatEnt No. 6,156^5 to Byer et al. describes electric fidd domain 

patterning. 

U.S. Patent No. 5493.023 to Yamada et al. describes a method of 
controlling the domain of a nonlinear ferroelectric optics substrate. 

U.S. Patent No. 5,519,802 to Field et aL describes a method for 
maldng devices having a pattern poled structure and pattern poled structure devices. 

U.S. Patent No. 5,991,065 to Nutt et al. describes an addressable 
electro-optical modulator with periodically poled domain regions. 

U.S. Patent No. ^986,798 to Karlsson et al, describes a method and 
arrangement for poling of optical ciystals. 

U.S. Patent Na 5,875,053 to Webjom et al. describes periodic electric 
fidd poled crystal waveguides. 
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U.S. Patent No. 5,838,702 to Byer et al. describes a method of 
electrically controlling regions of ferroelectric polarization domains in solid state 
bodies. 

U.S. Patent No. 5.786,926 to Yamada describes an electro-optical 
device having inverted domains formed inside a ferroelectric substrate and electro- 
optical unit utilizing thereof. 

U.S. Patent No. 5.756.263 to Gupta et al. describes a method of 
inverting ferroelectric domains by application of controlled electric firfd. 

U.S. Patent No. 5,654,229 to Leplingard et al. describes a method for 
replicating periodic nonlinear coefficient patterning during and after growth of 
epitaxial ferroelectric oxide films. 

U.S. Patent No. 5,652,674 to Miznuchi et aL describes a method for 
manufacturing domain- inverted region, optical wavelength conversion device 
utilizing sucJi domain-inverted region and method for fabricating such device. 

U.S. Patent No. 5,615,041 to Field et aL describes fabrication of 
patterned poled dielectric structures and devices. 
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U.S. Patent No- 6,002^15 to Mizuuchi ct al. describes a method for 
producing polarization inversion part, optical wavelength conversion element using 
die same, and optical waveguide. 

U.S. Patent No. 5,744,073 to Nihei et at describes fabrication of 
fierroelectric domain reversals. 

U.S. Patent No. 5.668,578 to Nihei et al. describes a method for 
febricating ferroelectric domain reversals, and cpptical wavelength converter element. 

U.S. Patent No. 5^94,746 to Harada describes a method and 
apparatus for fabricating ferroelectric domain revo-sals. 

U.S. Patent No. &526,i73 to Yamagucbi et al. describes a method of 
local domain control on nonlinear optical materialB. 

U.S. Patoit No. 5,249,250 to Yamada et al. describes an optical device 
having domain structure and method for manufacturing the same. 

U.S- Patent No. 5,748,361 to Gupta el al. describes a ferroelectric 
crystal having inverted domain structure. 



>3 



U.S. Patent No. 5,734,772 to Gopalan et al. describes an inverted 
domain structure in ferroelectric crystals with polarization in the crystal plane. 
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CTflVTM ARY OF THF IMVyNTIOlV 

Accordingly, it is an object of one or more embodiments of the present 
invention to proinde an improx'ed method of patterning and fabricating poled 
dielectric microstructures within dielectric materials. 

Other objects will appear hereinafter. 

It has now been discovered that the above and other objects of the 
present invention may be accomplished in the following manner. Specifically, a - 
poled dielectric microstructure within a dielectric material is provided- The poled 
dielectric microstructure is then segmented into a plurality of independent sub- 
stmctures. The poled dielectric microstructures are then fabricated within each of 
the plurality^ of independent sub-structures. Additional processes and a novel poling 
setup for improving and implementing this patterning and fabrication method are 
also disclosed. 



The present invention will be more clearly understood from the 
following description taken in conjunction with the accompanying drawings in 
which like reference numerals designate similar or corresponding elements, regions 
and portions and in which: 
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^ysTA ffP rtRigngiimow OF THF.PitRFpititF.n kmbopiment 

By definition, ferroelectTic materials have spontaDeous polarization, 
Le, they have internal dipole moments. Desired domain configurations (domains or 
domain patterns) within the ferroelectric may be formed by oontralling the direction 
of these internal dipole moments. One of the more significant ways to form domain 
patterns is the application of an electric field to the material to change the direction 
of spontaneous polarization in desired regions, which is referred to as electric field 
poling. 

This invention dfsdoses a novel patterning and fabrication method of 
poled dielectric microstructures wherein the desired microstructures within a body 
of dielectric materials can be fabricated by segmenting the patterning into several 
optimized structures. Tta& allows fabrication of poled dielectric microstructures in 
each independent section and thus achieves fabrication optimization. High-quality, 
high-yield and scaleable poled dielectric microstruchires can be patterned and 
fabricated through this method. Additional processes and poling setups for 
improving aikd implementing this patterning and fabrication m^bod are also 
disclosed. 



A generic patterning and fabrication method is disdosed for poled 
dielectric microstructures or domains as the preferred embodiment of the present 
invention. Desired mictostructures/domains within a body of dielectric materials 
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are fabricated by segmenting the patterning into several optimized independent 
sections which permits fabrication of poled domains in each independent section 
and thus achieves ^rication optimization. The pattemiiig and fabrication of poled 
dielectric microstructures/domains in this invention are illustrated by domain 
reversal within the fenodeccric materials. However, the described patterning and 
fabrication method can be applied to other non-ferroelectric dielectric materials 
such as glass materials or polymer materials. 

Simply put# a dielectric material structure is prorvided and segmented 
into a plurality of independent sub-structures for patterning. The poled dielectric 
microstructures are then fabricated within each of the plurality of independent sub- 
structuxes. A poling station setup to achieve the optimized implementation of the 
proposed poling process. 

Prftfftrred K mhndimgnt of the Pregant rnvention 

Fig. lA illustrates a prior art 8 cm of patterned dielectric material lo 
having, for example a 4 micron period. Applying an electric field to electrodes 12, 
(connected to an electric source 17 via a conductive line 15) each having a width 14 
and a quasi-phase matched (QPM) period 16, induce individual domains 18 
proximate the individual electrodes through the use of electric fields. 
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Undesirable electric field and elec±ric dipole interference occurs within 
the body of dielectric material lo during the poling process to form the domains 18 
proximate electrodes 12. The fabncation difFicuhies occur especially during the 
chaDenged short period poling (for example 4-roicron period) or aperiodic period 
poling. 

Fig. iB illustrates the preferred embodiment of the present invention. 
For example, the large scale 4 era patterned dielectric material 20 (analogous to the 
patterned dielectric material 10 of Fig. lA) is decomposed into two sets of electrodes 
22. 24 and respective domains 26, 28 (formed hy applying an electric field to 
respective electrodes 22, 24) each having a 8-micron poling period. 

Each respective set of electrodes 22. 24 Is connected to respective 
electrical sources 30, 32 via respective conductive lines 23, 25. Tlius, the poling 
process only occurs for a longer period poling (8-micron), which alleviates the 
electric field and dectric dipole interference within the body so of dielectric 
material during the poling process. 

Smaller- Ar tRft Poling Patterns - Figs. aB and aC 

Fig. 2A schematically illustrates a prior art electrode scheme for a 
large scale patterned dielectric material having electrodes 40 connected to an 
electric fiouroe 42 via a conductive line 44. 
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As shown in Figs. 2B and zC, to further improve upon the preferred 
embodiment of present invention, the electrode scheme of the large scale patterned 
dielectric material is further divided into several subsets with smaHer-area poling 
patterns. This wU alleviate the scalabUity issues due to the laige ratio between the 
total amount of poling time for large area structures (F.g. zA) and the optimized 
poling time for each individual microstructures as shown in Figs. 2B and 2C. This 
reduces the necesaty to have good correlation of the uniform domain formation 
within different s«:tians. 

Fig. SB iUustrates an electrode scheme wherein the prior art electrode 
scheme of Fig. 2A for a large scale patterned dielectric material has been subdivided 
into three subsets 58, 58, 78 having smaller-area poling patterns. Each respective 
subset 58, 68, 78 comprises respective electrodes 50, 60, 70 connected to a 
respective electric source 52, 62, 72 via respective condiK*ivB lines 54, 64, 74. 
Respective domains 56, 66, 76 are induced proximate the individual electrodes 50, 
6C>, 70 by applying an electric field to the respective electrodes 50. 60, 70. 

Fig. 2C illustrates an electrode scheme wherein the prior art electrode 
scheme of Vi^ 2A for a targe scale patterned dielectric material 120 has been 
subdivided into four subsets 88» 98, 108, 118 having smaller-area poling patterns. 
Each respective subset 88, 98, 108, 118 comprises respective electrodes 80, 90. 100, 
110 connected to a respective electric source 82, 92, 102, 112 via respective 
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conductive lines 84, 94, 104, 114. Subsequent to the electric field poling, respective 
dom^ns 81, 91, 101, 111 are induced in the dielectric material 120 proximate the 
respective electrodes 80, 90, 100, no. 
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Rnhani^ Nnrlpatinn Structures - Fies. and 

Fig. 3A schematically illtistrates a prior art electrode scheme for a 
laige scale patterned dielectric material similar to that shown in Fig. 2A and having 
electrodes 121 connected to an electric source iS2 via a conductive line 124. 
Individual domains 123 are Induced by the application of an electric field to 
electrodes 121. 

As shown in Figs. 3B and 3C, to further enhance the uniformity of 
each small subset ha\1ng a longer period CFig. iB) and/or a smaller poling area (Figs, 
2B and 2C), the local electric field intensity is enhanced to thus enhance to 
formation of initial poling, that is nudeation. 

Fig. 35 illustrates an electrode scheme w=herein the prior art electrode 
scheme of Fig. 3A for a large scale patterned dielectric material has been subdivided 
into two subsets 138, 148 having smaller-area poling patterns. Each respective 
subset 13S, 14S comprises respective patterning electrodes 130. 14O connected to a 
respective electric source 132, 142 via respective conductive lines 134, 144- Tlie 
pattemii^ electrodes 130, 140 each have respective nucleation electrode design 131, 
141, vk^hich enhances the local electric field intensity and thus enhances to formation 
of initial poling. Respective nucleated domains 133. 143 are induced proximate the 
indnidual nucleated electrode design electrodes 131, 141 hy applying an electric field 
to the respective electrodes 131, 141- 
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Fig- 3C illiistrates an electrode scheme wfaereiD the prior art electrode 
scheme of Fig. 3A for a large scale pattoned dielectric material 200 has been 
subdivided into foiir subsets 158, 168, 178, 188 having smaller-area poling patterns. 
Each respective subset 158, 168, 178, 188 comprises respective patterning electrodes 
150, 160, 170, 180 connected to a respective electric source 152, 162. 172, 182 via 
respective conductive lines 154, 164, 174, 184- The patterning electrodes 150, 160, 
170, 180 each have respective nudeation electrodes 151, 161, 171, 181, which 
enhances the local electric field intensity and thus enhances formation of initial 
poling. Respective nucleated domains 156, 166, 17&, 186 are induced proximate the 
individual nucleated electrodes 150. 160, 170, 180 by applying an electric field to the 
respective nucleated electrodes 151, 161, 171, 181. 

A pplinarioTi nf the P re sent Invenrinn to Simultaneous Electrode Pattwning on Both 

Sidfs nf a T>1p1ffrtriff Mfitftiial - Figs. 4B to 4E 

As shown in Figs. 4B, 4C and Figs. 4D, 4E, , the above patterning and 
fabrication method of the preferred embodiment and the subset division 
improvement shown in Figs. 2B and 2C and the nudeation improvement shown in 
Figs. 3B and 3C can also be api^ied to simultaneous electrode patterning on both 
sides of the dielectric material to further enhance the poling quality. 
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Fig. 4A illustrates a prior art patterning and fabrication of poled 
dielectrb micxostructure within didectric material 300 which has a strong electric 
field and electric dipoie interference 310 causing non-uniformity and non- 
symmetric quality on both sides of the patterned dielectric material 300 Solid 
arrows 301 represent electric field distribution while dash arrows 302 represent 
dipoie of ferrrolectric domains. 

Wherein Figs. 46 and 4C tUustxate employing the method of the 
present invention on a patterned dielectric material 400 which reduces the field 
interference with improved uniformity. Microstructures are fabricated sequentially 
(as illustiated in Figs. 4B and 4C) according to the pattern segmentation. Solid 
arrows 401 represent electric field distribution while dash arrows 402 represent 
dipoie of ferroelectric domains. 

Figs. 4D and 4E illustrate a further improved method of Figs. 4B, 4C 
of the present invention on a patterned dielectric material 410 by simultaneously 
patterning electrodes on both sides of the dielectric material 410, which results in 
very small interference and pnxiuces uniform quality on both sides of the patterned 
dielectric material 410. Microstructures are fiabTicated sequentially (as illustrated in 
I^gs. 4D and 4E) according to the pattern segmentation. Solid arrows 411 represent 
electric field distribution while dash arrows 412 represent dipoie of ferroelectric 
domains. 
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FiirthPr Impmvi'Tnftnt o f th« Tnvpntinn hv Tmnlementing A ConfinH UVfir Within 
nielectricM afr^iriaU Fipa. <B to rE. 

"rtie above patterning and fabrication method of the preferred 
embodiment and the subset division improvement shown in Tigs. zB and zC, the 
nucleation improvement shown in Figs. 3B and 3C, and the symmetiy improvement 
shown in Figs. 4D and 4E, can also be improved by implementing a confined layer 
within dielectric materials. The function of a confined layer is to alter the material 
properties and thus suppress the formation of poling within the confinement region. 
Example of confinement layer within dfclectric materials can be formed by ion 
exchanged or ion-diflusion to dielectric materials. It has been weU known that the 
ion-exchanged process can alter the material properties and thus will possibly 
suppress the formatian of poling. Poled dielectric microstructui^ can thus be 
improved by engineering the ion-exchanged patterning in dielectric material, which 
suppress the domain formation according to the microstnicture design. 

Fig. 5A illustrates a prior art febricating of poled dielectric 
microstructiires in ion-exchanged dielectric materials 500. Solid arrows 501 
represent electric field distribution while dash arrows 50a represent dipole of 
ferrodectric domains. 

Wherein Figs. 5B and 5C illustrate an improvement method of the 
present invention to the fabrication of poled dielectric microstructure within a 
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dielectric material 510 with an ion-exchanged pattern as a domain growth 
confinement la>'er. Solid anov^-s 511 represent electric fidd distribution while dash 
arrows 512 represent dipole of ferroelectric domains. 

Figs. 5D and 5E illustrates a further improved method of the present 
invention to the fabrication of poled dielectric microstructure within a dielectric 
material 520 by simultaneously patterning electrodes on both sides of the dielectric 
materials vdth a confinement layer. Solid arrows 521 represent electric field 
(fistribution while dash arrows 522 represent dipole of ferroelectric domains. 

As an example^ such confinement layers within dielectric materials 51O, 
520 can be formed by ion exchanged or ion^iifiusion to dielectric materials 510, 520. 

The above-described patterning and fabrication method of the present 
invention can also be applied to different ciystal orientation, that is X-cut, Y-cut or 
Z-cut. 

The above-described patterning and fabrication method of the present 
invention can also be applied to various dielectric materials. Ejcample ferroelectric 
materials indude lithium niobate CUKbOa), lithium tantalate (UTaOa), KTiOPOa 
CKTP). KNbOs (KDP), BaBaOo CBBO) and their family such as MgQ:UNbOj, 
ZnO:UNbOij etc. and material with pre-ion (proton or TO diffLision before poling. 
The LiTaOs and their family also include crystals at different formats. More 
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preferred ferrcdectric materials include LiNbOa and LiTaOa and their famfly such 
as congruent LiNbOa (CU^) and stoichiometric liNbOs (SLN); and the abo\'e 
crystals with doping such as MgO:CLN, ZnO:CLN, MgO:SLN, ZnO:SLN. 

Other dielectric materials include: glass materials such as SiOa, 
GeOaSiOa, fused silica or silicate fiber, and polymer materials such as Dispersion 
Red 1 Side Chain polymer. 

Polmg Setups 

Fig. 6 schematically iUustrates a conventional prior art liquid contact 
electrode 702 poling setup 700 which may be used in accordance the practice of the 
present invention to electrically field pole dielectric material 7^2. The conventional 
pding setup 700 of Fig. 6 utilizes liquid contact electrodes 702 connected to a high 
volt^e supply 704 in a circuit having a current monitor 706, a voltage monitor 706 
and a resistor 710. 

ISovftl Poling Setiip fioo 

Fig. 7 sdiematically Qlustrates a novel poling setup 600 to electrically 
pole a dieledric material wafer 612 in accordance the practice of the present 
Invention, which permits independent poling of each section. The poling setup 600 
includes dielectric material wafer 6x2 supported by wafer base 614 and having 
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electrodes electrically connected to voltage and current supply 6iB via conductive 
lines 6i6 within vacuum chamber The vacuum within chamber 620 is achieved 
usmg a vacuum pump 630 and diy nitrogen may be introduced into chamber 620 
from a diy nitrogen source 632. 

The voltage and current supply 618 is connected through switching 
box 622 to a high voltage facility 624. A computer 626 controls the electric field 
poling prooe^ in accordance with the method of the present invention as well as the 
piosition of wafer 612 using a position controller 628. 

The voltage can preferably be applied sequentially through the pre- 
wired conductive lines 616 with external switching control via switching boz 
622/computer 626» or more preferably throu^ moving stages to each individual 
sub-section contact points. 

Tlie novel pcding setup 600 of F|g. 7 may also be equipped wth a 
wafer 612 heating clement 634 to adjust crystal properties of the dielectric material 
wafer 6x2 as it is well known that the material properties such as conductivity and 
coenuve field can be changed through temperature variation of the \\'afer 612. 



Kxample of Using the Method of the Presen t Invgntinn With the Novel Poling Setup 

6qq 
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Patterned electrodes for fabricating dielectric material are 
decomposed into several subsets of electrodes. Each subset has a longer poling 
period and a smaller poling area as compared to the complete poled dielectric 
raicrostructures. 

Improved mAhod^ as <iescuibed in this inventiois, such as enlmnoed 
nucleation electrode design, dual side electrode patterning, and additional ion 
exchange in dielectric materials, can be incorporated into the patterning and 
fabrication processes. 

Each respective set of electrodes is connected to respective electrical 
sources via sub-section contact points. Poling of each section is performed via 
connecting eadti conductive sub-section contact point to a high voltage facility. The 
voltage can preferably be applied sequentially through the pre-wired conductive 
lines 616 to sub-section contact points with external switching control via switching 
box 622/Gomputer 626, or more preferably through moving stages to each 
individual sub-fiecHon contact poiotSw 

Fig. 8 schematicany illustrates the implementation of present 
invention by the novel poling setup of figure 7. Electrical field for poling 950 is 
applied to each individual section 900, 910, 920, 930 sequentially. Adjacent 
sections, e.g. 900, 910; 920, 930 can be applied with an additional (optional) 
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electric field 940, vv^ich serves as a screening field to change the net electric filed 
distribution within the didectric material 960. 

A pplications fif t^hg P o i«H nigWrir. Microstnirfrnrfts/DomniTis Patterned and 

Fabricated i n Arcordanne v>ntfa the Pn»ent InVCntjon 

The applications of the poled dielectric microstructures/domains 
patterned and fabricated in accordance with the present invention include: 

1) quasi-phase matching (QPM) for nonlinear frequency conversion and 
generation of UV, \^ib!e light, infrared QR), Q-switched and ultrashort pulses; 

2) conversion process can be through second harmonic generation (SHG), 
sum frequency generation (SPG), difference frequency generation (DFG), optical 
parametric oscillation (OPO), optical parametric amplification (OPA). optical 
parametric generation (OPG), cascaded frequency conversion, etc.; 

3) the fields of application can include a light source for laser displays, laser 
scanner* laser printing, laser spectroscopes* sensing and detection applications and, 
biology and medical aj^Ucation^ 

4) optical frequency mixers for optical fiber communication and optical 
signal processing; 

5) electro-optic CEO) -optic modulators for beam scanners, sensors and high- 
speed modulators* etc; and 

6) aconstic-optical (AO) modulators and grating assisted devices. 

While particular embodiments of the present invention have been 
iUiistrated and described, it is not intended to limit the invention, except as defined 
by the follovtdng claims. 
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Figs. OA, 2A, 3A, 4A and sA schematically illustrate prior art for 
patterning and &brication of poled dielectric microstructures. 

Fig. iB schematically illustrates a top view preferred embodiment of 
the present invention for patterning and Cabricating poled di^ectric microstructures. 

Figs. zB and 2C schematicaUy illustrate a top view improvement to the 
preferred embodiment of the present invention. 

Figs. 3B and sC schematically illustrate a top viev further 
improvement to the preferred embodiment of the present invention. 



Figs. 4B and 4C schematically illustrate a side-view of the present 
invention for simultaneously patterning electrodes on bc^h sides of a dielectric 
material. 



(51) 



mm 2003-307758 



Figs. 4D and 4E schematically illustrate an improvement to the side- 
view of the present invention for simultaneously patterning electrodes on both sides 
of a dielectric material of Figs. 4B and 4C 

Figs. 5B and 5C schematically illustrate an improvement to the 
preferred embodiment of the present invention by implementing a confinement 
layer in dielectric materials. 

Figs. 5D and 5E schematically illustrate a further improvement to the 
preferred embodiment of the presexA invention by the dual-side electrode 
patterning and by implementing a confined layer within the dielectric materials. 

Fig. 6 schematically illustrates a conventional liquid contact electrode 
setup with which the preferred embodiment of the present invention may be 
achieved. 

Fig. 7 schematically illustrates a novel setup with which the poling of 
the preferred embodiment of the present invention maybe achieved. 

Fig. 8 schematically illustrates the implementation of present 
invention by the novel poling setup of figure 7. 
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1 Abstract 

A method of patterning and fabricaticg poled dielectric 
microstmctures in die!ectric materials comprising the following steps. A poled 
dielectric mictostnicture within a dielectric material is provided. The poled 
dielectric microstmctuce is then segmented into a plijrality of independent sub- 
structures. The poled dielectric microstructures are then fabricated within eadi of 
the plurality of independent 5id>-structure& Additional processes and a novel poling 
setup for improving and implementing this patterning and fabrication method are 
also disclosed. 
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